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CLAIMS 

1- A method for creating a control range suitable for detecting cognitive processing of at 
- least one test subject using a standardised task^ttie method CQti^^ 
5 - measurement oftime to complete the standardised tesk in a gro 
and 

- measurement of temporal eyeblmk occurrence during performance of the tatgit; by the 
control subjects; and 

- calculation of a control range for the control subjects, flie control range being 
10 calculated from at least the temporal eyeblink occurrence during a common phase 

within the standardised task for the control subjects; 
wh^ein deviation from the control range indicates the test subject has altered cognitive 
processing relative to fixe control subjects. 

15 2. The method according to claim 1, wherein the temporal eyeblink occurrence is used to 
derive the gap or time closed between bUnks over a plurality of adjacent blink events. 

3. The method according to clann 1 or claim 2, wherein the standardised task is a 
structured task, where the common phase is selected from; 

.20 . - a first orientation phase, occurring at conunexfcooient of .the task; . . 

' a second or intermediate phase showing the test subject's task progress; and 

- a common task conq>letion period (CTCP) of the task. 

4. The method accordtog to claim 3, wherein the structured task is chosen to enqjhasise the 
25 control subject's mental processing during the orientation phase and/or intermediate phase 

of ttie task by incoiporation of the orientation phase and/or intermediate phase into later 
phases of the task. 



5. The method according to claim 3 or claim 4, wherein the common phase of the 
30 standardised task is the completion phase of the task. 
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6- The method according to any one of clauns 1 to 5, wherein measurement of at least one 
of eyeblink charaoteristic of eyeblink pow^ B is also paibimed, the eycblink 
characteristic being selected from eyeblink dinration and eyeblink amplitude, the eyeblink 
characteristics occurring during porfoimance of the standardised or stmctuied task. 

5 

7. The method according to claim 6, wherein B is a maAematiical derivative of eyeblink 
amplitude and eyeblink duration. 

8. The method according to claim 6, wherein B is a mathematical derivative of eyeblink 
10 duration, eyeblink amplitude and t^nporal gap between eyeblink occurrffice. 

9. The method according to claim 2^ wherein the ccnnmon phase of control subject's 
petformance in the conomon phase of the task is analysed by plotting or tracking 
quantitative gap time elapsed between the plurality of blink events against time of the task, 

15 

10. The method according to claitn 9, wherein measuremeijt of at least one eyeblink 
characteristic of eyeblink power B is also plotted or tracked for each bUnk against time of 
at least the common task, wherein B is selected from ^eblink duration, eyeblink 
aitq>litude, temporal gsqp between eyeblink occurrence or any derivative thereof. 

20 _ 

11. The method according to claim 10, wherein individual blinks are smoothed and 
weighted by clustering into peaks occurring over the ccHnmon phase within the task. 

12. Tlie method according to claim 11, wherein cognitive processing of a first control 
25 subject is con^pared to the cognitive processing of a second control subject, both subjects 

having a similar task conq)l6don time, by con:q)arison of clustets of bJinks occurring 
during the standardised task, to create a control range for clusters of blinks dutmg a 
common phase of the task for a particular time taken to complete the task. 



30 



13. Hie method accordiog to churn 11 or claim 12, vdierein a smoothing fimctionF is used 
to coix^are blink clusters on a twonlhnensional scale of blink density D against time for 
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the connnon phase of fte ti^fc, and whctem number of blinks pet cluster is estimated by a 
peak area above an opening function of a background blink rate (BB). wift a converse 
measure being a proportion of time that blink density does not exceed a baseline of tbc 
badlcgrouQd blink rate of the blink density. 

14. The method according to claim 13, wherein individual blinks are weighted by 
assigning a weighting using variables selected &om unit weighting, absolute ampUtude 
value (a), absolute duration value (d). absolute gap vatoe (G) or a weighting derivative 
diereo£ 



15. Hie me&od according to claim 14, wherein the weighting derivative is a x d. 

16. The method according to claim 14, wherein the weighting derivative is a x d x G. 

15 17- The mefliod according to claim 14, wherein tiie wei^ting derivative is a x d / G 

18. The method according to claim 3. which fiirttier includes interpretation of the control 
subjects' perftomances in the sbuctnied task using additional parameters for each control 
subject, the additional parameters includmg at least one intensive parameter calculated 
ftom the. common phase of .the task, and.atJeast.one extensive parameter calculatedfiom 
blink patterns over the entire task, the intensive parameter bemg selected fiom the groiqj 
comprising: 

- percent of blinkiiig tinie in the CTCP; when blink density is ab6ve a baseline blink 
d«isity(H); 

- mean duster size per cluster (integral of blink density divided by number of peaks in 
last crCP, rq)tesentative of blinks clustered at each concentration release, whereby 
blink clusters are determined by measuring the area of each cluster peak above the 
local baseline) (12); 

- average baseline blink density in last CTCP (derived from the opening function by 
30 calculation of the incidence of mmimum foUowed by a maximum in the relative 

density fiinction within a threshold of 15 seconds or 10%-20% of the CTCa>) (B); and 
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- average blink rate for the Task (calculated by total number of blioks over ttie Task on 
total time taken for the entire Task) QA), 

wherein 11-13 are derived using a smooflied bKnk density function F for each blink, and 
wherein the extensive parameter is selected j&om the gtox^ comprising: 
5 - total duration of Task (El or T); 

- total number of blinks (E2 or N)^ 

- number of clusters during entire Task time (peaks in blink dmsity) (E3); and 

- indirect xneasurc of number of clusters/attempts at stages in task (E4), using a formula 
of at^OT^)t5 (A) « T'^2/sura(g^^2); 

10 wherein variation iix one or more intensive and one or more extrasive parameters 
calculated tar the control subjects provides data for the control range for Ae one or more 
jntmdve or extensive parameter^. 

19. The method according to claim 18, wherein the smoothing function F is a normal 
15 Gaussian function. 

20, A method according to any one of claims 1 to 19^ wherein the control gtoup consists of 
subjects with normal cognitive function. 

20 2L A method according to .any of claims 1 to. 19, wher^.flie. control group consists of 
subjects with conq>iomised cognitive function. 

* 22. A method according to any one of claims 1 to 19. therein the control group cbiisists of 
subjects with enhanced cognitive function. 

25 

23. A method according to claim 21, wherein ttie compromised cognitive function is 
associated with a disorder selected fiom the group con5)ri$ing ADD, ADHD, dyslexia, 
dementia, schizophrenia, dqwession, learning disorders, sleep disorder, stress disorder, 
personality disorders, borderline personality disorders, or cognitive function impaired or 
30 enhanced by alcohol or drug ingestion. 
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24. A method for detecting cognitive processing of at least one test subject using at least 
one standardised task, the method comprising: 

- measurement of the subjects time to conq)l6te the standaidised task; and 

- measurement of tenqjoral eyeblirik occun^ce; a nd 

5 - comparison of the t^poral eyebKnk occurrence or a value derived therefrom, during a 
common phase within the standaidised task, with a control range, the coutol range 
calculated fiom at least the ten^wral eyeblink occunrence during the common phase 
within the standardised task for a control group; 
wherein deviation fiom the control range indicates the test subject has altered cognitive 
1 0 processing relative to the control group. 

25. The meOiod according to claim 24, wherem the control range is calculated according to 
any one of ttxe metiiods of claims 1 to 23. 

15 26. The method according to claim 25. wherein Oie test subject's cognitive processing is 
compared with a control range of one or more mtcaisive and a control range of one or more 
extensive values. 

27. The mettled according to claim 26, herein the intensive value is 14, and the extensive 
20 valiie.is£3.. . . 

28. The method according to any one of claims 24 to 27, wherein flie test subject's 
cognitive processing is tested to detect a cognitive disorder selected from the group 
consisting of ADD» ADHD, dyslexia, dementia, schizophrenia, depression, learning 

25 disorders, post-traumatic stress disorder, sleep disorder, p^sonality disorders, borderiine 
personality disordas, or cognitive function in^aired or CThanced by alcohol or drug 
ingestion. 

29. A raetiiod for creating a control range for detecting cognitive processing of at least one 
30 test subject using a standaidised task, the method comprising: 
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, - . measurement of time to com|>letc the standardised task in members of a group of 
control subjects and measurement of tenqx>ral eyeblmk occunence and total eyeblink 
number N, for the control subjects; and 

- sorting control subjects fiom lowest to longest time to complete the task and analysing 
5 each control subject having a similar task completion time with respect to their N 

vahie; 

- creation of at least on© control range of N vahies according to the time to complete the 
task, 

wherein deviation fiom flie control range indicates a test subject having altered cognitive 
10 processing relative to ttie control subjects having a similar task completion time. 

30. The method accordmg to claim 29, i^^erein the standardised task is a structured task, 
whesre the common phase is selected from: 

- a first orientation phase, occurring at commencemmt of the task; 

IS - a second or intetmediate phase showiug the test stbjecf s task piEOgress; and 

- a common task completion period (CTCP) of tbe task. 

31 . The method according to claim 30, wherein die structured task is chosen to emphasise 
the test subjects mental processing during the orientation phase and/or inteicmediate phase 

20, of the task by incorporation .of the orientatioix phase.and/or jntennediate phase into later, 
phases of the task. 

32. The method according to claim 30 or 31, wherrin the common phase of die task is the ' 
common task completion period (CTCP) of the task. 

25 

33. The method according to claim 32, wherein the control subjects' times to complete the 
task are iSrstly sorted by adjusting blink patterns to aUga the CTCP of the task, prior to 
comparing of control subjects according to theirN values during the CTCP of the task. 

30 34. The method according to claim 29, wherein measurement of at least one of eyebUnk 
characteristic of eyeblink power B is also performed, fbe eyeblink characteristic selected 
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from eyctolmk duration and eyeblink aiiq)Iitad©, wherein the eyebJitik characteristic oocms 
during pcifotmance of the stand^tdiscd task. 

35. The method according to any one of claims 29 to 34, which further includes 
5 inteipretation of the control subjects' perfomtiances in tiie standardised task by Knear 
regression using additional parameters for eadh control subject, the additional parameters 
including at least one intensive parameto: calculated fron:i die conunon phase of the task, 
and at least one extmsive parameter calculated from blink patterns over the eatiure task, the 
intensive parameter being selected from the gtoiq» conqnising: 
10 - P^i^c^tofbliDldng time in last or common task 
density is above a baseline blink density (II); 

- mean cluster size (integral of hei^t of density divided by number of peaks in last 
CTCP, repieseotative of bBnks clustered at each concentration release, wheieby bliuk 
clusters are detemaiaed by meaauiing the area of each cluster peak above the local 

15 baseline) (12); 

- average baseline blink density in last CTCP (derived from the opening function by 
calculation of the incidence of minimum followed by a maximum in the relative 
density function within a threshold of 15 seconds or 10%-20% of the CTCP) (D); and 

- average blink mte for the task (calculated by total number of blinks over the task on 
20 total time.taken for the entire task) (14), ... 

wherem II - 13 are derived using a smoothed blink density function F for each blink, and 
wherein the extensive parameter is selected fix>m the group consisting of: 

- total duration of task (El or T); 

- total numb^ of blinks (B2 or N); 

25 - zmml^ofclusters during entire task tune Qyeaks in bliiikden^ 

- indirect measure of number of dusters/attonpts at stages in tadc (E4), using a formula 
of attenqjts (A) = T'^2/sum(g^'^2); 

farther whereki die linear regression is used to establish a linear combination of at least 
one of II to 14 and at least cue of El to E4 which best represents the stractore of fiie 
30 bluiking pattens in the control gcoixp, wherein variation in one or more intensive or 



wo 2005/018455 



1PCT/AT02004/0011 120 



extensive parameters calculated for the control subjects provides data for the control range 
for the parameter derived by linear regression. 

36. The method according to claim 35, wherein the smoothing function F is a noimal 
5 Gaussian function, 

. 37. The method according to claim 29» wherein structure of blinking pattems for the group 
is classified or ranked for similar times to complete the task and according to three ranges 
derived fixmi N values, the ranges being assigned values between 1 and 3, wherein 1 
10 represents highly structured or sparse blinking, and 3 represents struggling eyeblinkmg 
with an eyeblink pattern of low structure or dense blitikins, and 2 represents an 
intennediale structure of eyeblinking. 

38. The tnethod according to any one of claims 29 to 37, wherein the control groi^ 
1 5 consists of subjects with normal cognitive function. 

39. The method according to any one of claims 29 to 37, wherein fte control gFoiq> 
consists of subjects with enhanced cognitive function. 

20 40.. A method according to .any of claims 29 to37,.whetein.the. control group consists of 
subjects with conopromised cognitive function. 

41. A method according to claim 40, wherein the conqjromised cognitive fltnction is 
associated with a disorder selected from the group consisting of ADD, ADHD, dyslexia, 

25 dementia, schizophrenia, depression, learning disorders, post^-traumatic stress disorder, 
sleep disorder, personality disorders, borderline personality disorders, or cognitive Amction 
impaired or enhanced by alcohol or dmg ingestion. 

42. A method for detecting cognitive processing of at least one test subject using at least 
30 one standardised task, the method comprising: 
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- measurement of time to complete the standardised task and measorement of tenQ>oial 
eyeblink occurrence and total eyeblink number N, for the test subject; and 

- cotiq)ari$on of tibe test subject's N value witti a control xange of N values corresponding 
the sobject's time to complete the task, 

5 wherein deviation fiom the control range indicates a test subject having altered cognitive 
processing relative to the control range. 

43. The method according to claim 42, wherein the control range is calculated according to 
any one of the meOiods of claims 29 to 41. 

10 

44. The method according to claim 42, wherein the test subject's cognitive processing is 
compared with a control range selected £rom intensive and extensive values accordixiig to 
claun 35 or claim 36. 

15 45. The method according to claim 44, wherein the intensive valne is 14, and the extensive 
value is E3. 

46. The method according to claim 45, wherein the inteo$ive valne is derived fiom 14 and 
E3. 

20 . . . , . 

47. The m^od according to claim 42, wherein a set of ranking values for each control 
subject, assigned according to the method of claim 37, is used to calculate an Objective 
Structure Index by linear regression finom a set of intensive and extensive parameters 
calculated for each control subject, where the restilting linearised Objective Structure 

25 Index value is plotted as an intensive variable for each subject against an extensive 
variable for each control subject, wherein &e extensive variable is T or N or some iimction 
of T or N, wherein the test subject may be compared with a joint distribution of the 
intensive and ext^sive variable for flie control groiq). 

30 48. The mefiiod according to any one of claims 42 to 47, wherein the test subject's 
cognitive processing is tested to detect a cognitive disorder selected fiom the group 
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consisting of ADD, ADHD» dyslexia, dementia, schizophronia, depression, leaining 
disontes, post-traumatic stress disoider, sleep disoider, personality disotdeis, b<nd«iine 
psBooality disordeis, or cognitive Amotion inipaixed or enhanced by alcohol or drug 
ingestian* 

5 

49. A device suitable for recording temporal occuirence of eyeblinks during a time taken 
for a subject to complete a standaxdised task^ according to Ihe methods of any one of 
claims 1 to 48* 

10 50. Af device suitable for recording temporal occurrence of eyeblinks during a time taken 
for a subject to complete a standardised ta^ and eyeblink chaiact^stics of eyeblink 
duration and eyeblink anq>litude> according to the methods of any one of the claims 1 to 
48. 

15 SLA device suitable for displaying temporal occurrence of eyeblirks during a time taken 
for a subject to complete a standardised task, according to the mediods of any one of 
claims 1 to 48, 

52. A device suitable for displaying temporal occurrmce of ^eblinks during a time taken 
20 for a subject to complete a standardised task, and. eyeblink .charact^stics of .eyeblixdc . 

duration and eyeblixik amplitude, according to the methods of any one of claims I to 48. 

53. Use of a device suitable iTor recording taiq>oral occurrence of eyeblinks during a tune 
takati for a subject to cozzq>lete a standardised task, for p^orming the methods of any one 

25 of clauns 1 to 48. 

54. Use of a device suitable for recording temporal occnxxence of eyeblinks during a time 
taken for a subject to complete a standardised ta^ and ^eblioik diaracteristics of eyeblink 
duration and eyeblink an^>litude, for performing the methods of any one of claims 1 to 48. 
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55- Use of a device suitable for displaying temporal occurrence of eyeblinks during a time 
takeu for a subject to con^^lete a standardified task, for petfonning the methods of any one 
of claims 1 to 4S. 

5 56. Use of a device suitable for di^laying tCTiporal occurrence of eyeblinks during a time 
taken jfor a subject to complete a standardised task, and eyeblink characteristics of eyeblink 
duration and eyeblink amplitude, for perfonning the methods of any one of claims 1 to 48. 

57. A method of conqputational analysis for analysing eyeblink data, in order to create a 
10 contral range for cognitive processing and/ot detect the cognitive processing of a test 

subject, according to the methods of any one of claims 1 to 48. 

58. A method of assessing cognitive processing of a subject by analysis of eyeblink pattern 
in a standardised task. 

15 . 
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